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Meeting Summary
Introduction

The Safe Drinking Water Act (SDWA), as amended in 1996, requires the Environmental
Protection Agency (EPA) to select agroup of known or potential drinking water contaminants
every 5 years for regulatory consideration. EPA published itsfirst list of contaminantsin 1998.
Thislist, known as the Contaminant Candidate List (CCL), contained many contaminants which
lacked critical information (i.e., occurrence data) needed to make regulaory decisions. Such
information can be provided by the Unregulated Contaminant Monitoring Regulation (UCMR)
program if protocols and analytical methods have been devel oped and validated.

The 1998 CCL includes cyanobacteria and their toxins as one of the microbial
contaminants selected, but it does not specify which toxins should be targeted for study. With
over 80 variants of cyanotoxins reported, the scientists from the Office of Ground Water and
Drinking Water must review the toxicological, epidemiological and occurrence studies and
drinking water treatment literature.

The goal of this meeting was to convene a panel of scientiststo assist in identifying a
target list of algal biotoxinsthat are likely to pose a health risk in source and finished waters of
the drinking water utilitiesin the United States. The panel (see Appendix A) consisted of
researchers from the drinking waer industry, academia, and government agencies with expertise
in the area of fresh water algaeand their toxins. Taxin selection were based on four criteria:
health effects, occurrence in the United States, susceptibility to drinking water treatment, and
toxin stability.

The EPA will review the target list and select afinal list of toxins to be monitored under
the UCMR. Information obtained on the occurrence of these toxins, through one or more UCMR
surveys, will be used in making regulatory determinations for algal toxins in drinking water.

Background
CCL and UCMR

The 1996 SDWA Amendment requires the EPA to make reguatory decisions on at least
5 contaminants from the CCL every 5 years. Contaminants are listed on the CCL based on their
public health significance, likelihood of occurrence in drinking water, waterborne route of
transmission, treatment effectiveness, and if they are covered by other proposed or promulgated
regulations. The1998 CCL contains 10 microorganisms, including freshwater algae and thar
toxins. Regulatory decisions for the contaminants on the CCL require information on their
health effects, treatment, and occurrence. Of the 10 CCL microorganisms, 8 were listed as
needing more occurrence information. The UCMR, implemented by the 1996 SDWA, and
promulgated in 1999, was designed to provide the necessary occurrence information.

The 1999 UCMR is divided into 3 monitoring options: Assessment Monitoring,
Screening Survey, and Pre-Screen Testing. The current Assessment Monitoring stage contains
unregulated chemical contaminants for which analytical methods were available at the time of
promulgation. None of the 1998 CCL microorganisms had methods that could be used for
assessment monitoring. All large systems (about 2800) and 800 small systems are required to



perform assessment monitoring for 1 year. The Screening Survey contains alist of chemical
contaminants, as well as Aeromonas, for which analytical methods needed refinement and will be
available at the start of monitoring in 2001 (4deromonas is scheduled to be monitored starting in
2003). Only aselect group of large and small water systems are required to conduct monitoring.
The Pre-Screen portion of the 1999 UCMR contains the renaining 7 occurrence priority
microorganisms from the 1998 CCL for which methods are currently under development. The
Pre-Screen Teging will test new methods and target vu nerable water systemsto gain
information on contaminant occurrence in systems with the greatest likelihood of having
detectable levds of the contaminant. Thisinformationwill help evaluate methods and help
design subsequent surveys, if needed. The algal toxins selected by the panel and EPA will be
monitored under the UCMR Pre-Screen Testing component when standardized and validated
methods are available. If significant occurrence of atoxin isfound during Pre-Screen Testing,
the contaminant could be monitored in alater screening survey or assessment monitoring.

Algal Biotoxins

Most of the world’s population relies on surface freshwaters as its primary source for
drinking water. The drinking water industry is constantly challenged with surface water
contaminants that must be removed to protect public health. Recent reports suggest that toxic
cyanobacterial blooms are an emerging issue in the United States because of increased source
water nutrient pdlution causing eutrophication. A third of the 50 freshwater cyanobaderia
genera are capable of producing toxins. The mechanisms of algal biotoxin'stoxicity are very
diverse, ranging from hepatotoxic, neurotoxic, and dermatotoxic to general inhibition of protein
synthesis. The most studied freshwater algal biotoxins are divided into three classes based on
chemical structure: cyclic peptides, alkaloids, and lipopolysaccharides.

Cyclic Polypeptides

Nodularins and microcystins are cyclic peptides containing five and seven amino acids,
respectively. Nodularins, with severa structural variants, are found predominantly in marine and
brackish water, which are not usually used as drinking water sources. Nodularins are produced
by the genus Nodularia. Microcystins have been found in fresh water throughout the world.
They are produced by Microcystis, Anabaena, Oscillatoria, Nostoc, Anabaenopsis, and terrestria
Hapalosiphon. To date, approximately 65 variants of microcystins have been isolated from
cyanobacterial blooms and cultures. The most common variant is microcystin-LR. Other
common microcystin variants include YR, RR, and LA.

Alkaloid Toxins

Alkaloids vary in their chemical structures and stabilities. Depending on the type, it can
affect the nervous system, skin, liver, or gastrointestinal tract. Some of the most studied algal
toxins belonging to the alkaloid class include: anatoxin-a, anatoxin-a(s), homo-anatoxin-a,
saxitoxin, and cylindrospermopsin.

The anatoxins (anatoxin-a, anatoxin-a(s), and homo-anatoxin-a) and saxitoxin are
neurotoxic. Anatoxins are low molecular weight, secondary amines. They are produced by
Anabaena, Oscillatoria (Planktothrix), Aphanizomenon, and Cylindrospermum. Anatoxin-aisa
nicotinic agonist that binds to nicotinic acetylcholine receptors. Homoanatoxin—ais a potent
neuromuscular blocking agent which causes severe paralysis, convulsions and death by
respiratory arrest. Anatoxin—a(s) is an organophosphate produced by Anabaena. Thistoxin
blocks acetylcholinesterase activity in a manner similar to organophosphate insecticides.

Saxitoxins and their analogues are produced by Anabaena and Aphanizomenon.
Saxitoxins are the cause of paralytic shellfish poisonings (PSP) in people. Thistoxin actson the



sodium ion channelsof the excitable membranes of the nerves, which leads to paralysis,
respiratory depression and respiratory failure. However, to date, there has been no PSP-like
ilInesses reported in humans from the consumption of drinking water.

Cylindrospermopsin is a hepatotoxic alkaloid that has been isolated from cultures of
Cylindrospermum raciborskii. Cylindrospermopsn producing spedes are found in
tropical/subtropical climates. Thistoxin wasidentified in an outbreak of acute hepato-enteritis
and renal damage among an aborigina population in Australia.

Lipopolysacharide Toxins (Endotoxins)

Cyanobacterial lipopolysaccharides (LPS) are cell wall components of gram-negative
bacteria. The toxin exhibits both pyrogenic and toxic effects (for additional information, see
Weckesser and Drews, 1979). The few studies that have been performed on cyanobecterial LPSs
suggest that they are less toxic than other bacterial LPSs, such as those produced by Salmonella.
Lack of axenic cyanobacterial cultures has limited the progress of research on the structures and
toxicity of cyanobacterial LPSs. Circumstantial evidence hasimplicated cyanobacterial LPSs as
the cause of an outbreak in Sewickley, Pennsylvania.

Other Toxins

Other less common and studied algal toxins also have been described in locations outside
the United States or in non-freshwater habitats. The possibility exists for these toxinsto be
detected in U.S. freshwaters in thefuture due to increased salinity of freshwater supplies. This
increased salinity is partly the result of salt-water intrusion and salt contamination caused by the
mining and commerdal industry. The following are some of the lesser known toxins.

Lyngbyatoxin

Lyngbyatoxins, a contact irritant, ae mainly marine water toxins but thar occurrencein
freshwaters has not been fully assessed. Lyngbya, an aggressive genus capable of widespread
growth, has beenfound in fresh water suppliesin the United States. Moredatais needed to
determine its hedth effects and occurrence in freshwater supplies.

Aplysiatoxin

Aplysiatoxins have low occurrence with evidence suggesting alink to Lyngbya blooms.
They are marine toxins and contact promotes skin tumors. Further evaluation (i.e., ecological
studies) is needed in freshwaters

Debromoaplysiatoxin

Debromoaplysiatoxins are similar to aplysiatoxins in that they have low ocaurrencein
mostly marine waters and contact could promote skin tumors. More research is needed to
determine the toxin’s occurrence in freshwater.

Prymnesin

Prymnesins are produced by eukaryotic algae and are not likely a drinking water issue
because they are found mostly in brackish and marine waters. Prymnesin could potentially be of
concern in Texas (for example) because of salt-water infusion. Prymnesins are hagmolytic
cytotoxins and have been implicated in fish kills. Coastal problems need to continue to be
tracked.



Domoic acid
Diatoms produce Domoic acid. It has been reported to occur in Lake Victoriain Africa
Pfiesteria

Marine and brackish water dioflagellate produce Pfiesteria toxins. Investigators have
reported a Pfiesteria outbreak on the East Coast of the United States.

Health Effects

Primary public exposure to algal biotoxins can come from drinking water, recreational
water, and dietay supplements. Secondary human expasure may come from algal biotoxin
residue on fruit and vegetables from contaminated irrigation water and consumption of animal
tissue. Aswith most drinking water contaminants, children and immunocompromised people are
likely at greatest risk of harmful toxin health effects. Lack of markers for toxins have hindered
the understanding of algal toxin health effects. Symptoms may be missed, mild cases may be
mi g-diagnozead, or the causative toxin may be unidentified. The effect of episodic exposureis
undetermined.

Microcystins' and nodularins' primary target isthe liver. Many of the microcystin
structural variants and nodularin are highly toxic with intra-peritoneal mouse L D50s between 50-
200 pg/Kg body weight. Microcystins and nodularins inhibit protein phosphatase 1 and 2A.
Substances that inhibit protein phosphatase enzymes are considered to be tumor promotersin the
liver. Animal and epidemiological stud es suggest that low-level chronic exposure to
microcystins increase human health risk of carcinogenesis and tumor growth promotion of the
liver. Microcystin isretained in the body longer than other algal toxins; intact microcystins have
been found in exhumed bodies. The World Health Organization (WHO) guideline of 1 pg/L for
microcystin are based on an adult’s typical daily int&ke of water, theindividual’ s body weight,
and the toxicity.

Cylindrospermopsin’s primary target is the liver, although recent studies have also found
it to be carcinogenic and genotoxic. Cylindrospermopsn inhibits glutathione and protein
synthesis. In animal studies, the effects of this toxin have been widespread and progressive
tissue injury, with cell necrosisin the liver, kidneys, adrenals, lung, heart, spleen and thymus.
Nonetheless, cylindrospermopsin is not retained in the body longer than other algal toxins.
Cylindrospermopsin has recently been nominated for assessment by the National Toxicology
Program.

Anatoxin-ais acholinergic agonist that binds to neuronal nicotinic acetylcholine
receptors. A high dose of anatoxin-aleadsto paralysis, asphyxiation, and death. Theintra-
peritoneal mouse LD50 is 375 pg/Kg body weight. The oral acute toxicity LD50 is greater than
5,000 pug/Kg body weight. Sub-acute toxicity was not reported when anatoxin-awas
administered to rats orally in their drinking water at 510 pug/L or 5,100 pug/L suggesting that
significant concern with chronic toxicity isunlikely.

Saxitoxin and neosaxitoxin block the inward flow of sodium ions across membrane
channels of nerve cells that stimulate muscle cells. Theinhibition of impulses in nerve axons by
this effect can lead to paralysis of muscles. Only acute effects have been observed. Theintra-
peritoneal mouse LD50 is 10 pug/Kg, and the oral mouse LD50 is 263 pg/Kg body weight.
Neonates are 10 times more sensitiveto the effects of saxitoxin and neosaxitoxin than adults,
warranting further sensitive subpopulation information collection under the 1996 Safe Drinking
Water Act amendments.



Other toxins may have avariety of effectsincluding skin irritation, alergic reactions or
neurotoxic effects. However, these toxins have little to no occurrence information available in
the United States.

The following are some domestic and international guidelines based on health risk for a
select group of cyanobacterial toxins:

Anatoxin-a
* Noofficia guiddineintheU.S.
e Austrdia 3 pug/L (suggested)

Saxitoxin:
No official guiddineinthe U.S.
* Austrdia 3 pug/L (suggested)

Mlcrocystln

No official guiddineinthe U.S.
World Health Organization: 1 pug/L
Brazil: 1 pg/L (Reguatory Level)
Australia: 10 pg/L or 1.3 pug/L
New Zealand: 1 uglL

Canada: 1.5 pg/L

Oregon: 1 ug/g (health food)

Cylindrospermopsin:
* Noofficia guiddineintheU.S.
e Australia: 1- 15 pg/L

Occurrence

Severa state algal toxin occurrence studies have been performed in United States and
Canada.

A recent microcystin study, conducted in the United States and Canada, surveyed 24
public water systams from June 1996 to January 1998. Using ELISA and protein phosphatase
assays, 80% of the 677 samples tested positive. Of the positive samples, 4.3% had detections
higher than the WHO drinking water guideline of 1 pg/L. Studies of Lakes Onondaga, Oneida,
and Champlain in New Y ork have also detected microcystins. The Lake Champlain study found
microcystin in 17% of the samples. In Wisconsin, microcystin was detected above 1 ug/L in
raw, but not finished water. A survey of an Ohio River Microcystis bloom resulted in no detect
of microcystins by both ELISA and LC/MS. A Florida survey found microcystin concentrations
ranging from 0.1 pg/L to 12 pug/L. Microcystin-LR, the most common variant, is not an
unequivocal indicator for the presence of toxins other than microcystin. Collectively, surveys of
U.S. waters have detected microcystin, anatoxin-a, and cylindrospermopsin above guideline or
proposed guideline valuesin raw and finished water.

In Canada, HABs occur in all provinces, with the greatest likelihood in shallow and slow-
moving bodies of water. In the 1990's, microcystins were detected in multiple lakes, some of
which are drinking water sources. Microcystins were also found in Winnepeg's distribution
system at 0.45 pg/L (raw water samples) and 0.55 pg/L (tgp water samples). Microcystin-LR is
the most common hepatotoxin in Canadian water supplies while Anabaena, Aphanizomenon,
Microcystis, and Phormidium have been foundto be the most common algal species.



Cylindrospermopsis is an emerging and expanding tropic/subtropical genus. It has been
observed in the waters of many mid-Atlantic states (Virginia, North Carolina) aswell asin
Kansas, Oklahoma, and Florida. Florida has detected as much as 90 pg/L of cylindrospermopsin
in finished water. Prevalence information is limited because of the lack of chemical standards
and methods. The reason behind Cylindrospermopsis’ sudden emergence is unknown, but recent
climatic, environmental, and human habitation changes may be a factor.

The Lake Champlain study detected anatoxin-ain 4% of the samples taken in the summer
of 2000. This, along with the symptoms of toxicity, suggest that anatoxin-a was responsible for
the deaths of sevara dogsin the summe of 1999 and 2000. Lake Champlainisused asa
drinking water source. In Florida, concentrations as high as 8 ug/L of anatoxin-a has been
detected in finished water.

Anatoxin-a(s) occurrenceis lower than that of anatoxin-a and saxitoxin. Itisa
structurally unique toxin because it contains an organophosphate, which may cause long-term
health effects. There are currently no standards available for the study of anaoxin-a(s). If
ozonation is used as a method of treatment, harmless organo-phosphatescould potentially
become more toxic.

Saxitoxin occurrence in the waters of the United States is moderate to rare. The samples
from Lake Champlain did not contain saxitoxins, however saxitoxins have been reported in New
Hampshire, Florida, and Alabama.

Some cyanobacterial toxins and their areas of known occurrence are listed below.

Microcystin:

* United States

o Austraia

+ Canada

* United Kingdom

» FEurope

* China
Anatoxin-a

» United States

e Canada

* FEurope

 China
Anatoxin-a(s):

* United States

+ Canada

» FEurope

* Anatoxin-a(s) is being detected with greater frequency over time.
Saxitoxin:

* United States

e Australia

* Brazl

Europe (Portugal)



Cylindrospermopsin:
* United States (Florida, Kansas, North Caroling, Virginia, Oklahoma)
Australia
Brazil
Japan
|srael
Europe

Lyngbyatoxin:
* United States (Hawaii)
* Audtraia
* Florida
» Pacific Islands
Lyngbyatoxins are predominantly found in marine bodies of water.

The frequency and duration of Harmful Algal Blooms (HABS) have been on therise.
Most occurrences of cyanobacterial toxins are caused by poor water quality (i.e., nutrient over-
enrichment). Urban, agricultural, and industrial expansion have all contributed to such water
quality deterioraion. An effective way to control HABs is to manage the nitrogen/phosphate
ratio. The management of both nutrients, rather than just one, is a more effective long-term
solution. Other options are to manipulae water residence time, temperaure, irradiation, and to
mix waters to create undesirable growing conditions. The observed changes in occurrence
patterns of algae and toxins suggest that the final target list needsto be flexible to allow new
toxins to be added in response to invasions of new species of algae in the United States.

Algae and Algal Toxin Treatment
Treatment options to remove cyanobacteria and toxins are:

Enhanced Coagulation

Ballasted Flocculation

Conventional Treatment (Coagul ation/Sedimentation)
Slow Sand Filtration*

Granular Activated Carbon (GAC)*

Biologically Activated Carbon (BAC)*

Filtration*

Microfiltration*

Non-chlorine Oxidants*

*These processes are more effective after coagul ation/sedimentation processes.

Coagul ation/sedimentation/filtration process has been reported to be between 90 and
99.9% successful at removing algae, but it is not effective at removing dissolved toxins.
Physical removal of cells may be effective for toxins that tend to be retained in healthy cells such
as microcystin, but would be less effective for toxins that are released by healthy cells such as
cylindrospermopsin.

Treatment optionsfor specific toxins:

Anatoxin-a and Anatoxin-a(s):
» Carbon (PAC, GAC) (adsorption)
* Ozone (anatoxin-a)
* Chlorine (anatoxin-a(s))



Saxitoxin:
e Carbon (PAC, GAC)
* Boiling
* Ozone
* Chlorine (less effective)

Cylindrospermopsin:
* Filtration
» Carbon (PAC, GAC)
» Chlorine
* Ozone

Microcystin:

Chlorine

Filtration

Ozone

Carbon (PAC, GAC)

Nodularin:
e Chlorine
* Filtration
e Ozone
» Carbon (PAC, GAC)

Activated carbon will remove biotoxins but its effectiveness is site-dependent because the
amount of dissolved organic carbon in the source water will affect its efficiency. The more
dissolved organic carbon in the water, the less efficient GAC will perform. While chemical
oxidation may inactivate the biotoxins, studies need to be conducted to ensure that more potent
toxins aren't being created. It is most likely that all algal biotoxins will be removed nano- and
RO filtration. However, these processes are very expensive and the concentrated waste stream
would be extremely toxic. The effectiveness of each treatment also depends heavily on the
proper operation of the treatment plant.

Stability of toxins

The stability of toxinsin natural and finished watersis afactor in their patential health
risk. Microcystins are considered to be the most stable toxin in both natural and finished waters.
Being a cyclic polypeptide, microcystin is resistant to heat, hydrolysis, and oxidation. Studies
suggest that microcystin breaks down more rapidly in the presence of sunlight and dissolved
organic carbon concentration between 2 and 16 mg/L. Anatoxin-ais more stable in the dark and
degradation is accelerated by alkaline conditions. Anatoxin-a decomposes rapidly in high pH
solutions. Saxitoxins and cylindrospermopsin are relatively stable but will breakdown in the
presence of cdl pigments. More specific information is needed on the gability of toxinsin
natural and finished waters. Sincemost of these toxins breakdown more slowly in the dark, this
information would be particularly useful to states considering artifiadal recharge of aquifers.

Analytical Methods

Below isalist of andytical method types currently available for specific algal toxin
detection, though many still need further validation studies.



Anatoxin-a:

* Bioassay
HPLC
LC/IMS
GC-ECD
GC/MS

Anatoxin-a(s):
* Mouse bioassay
* Enzyme assay
« LC/MS
« HPLC

Saxitoxin:
M ouse bioassay
I mmunoassay

Cell receptor assay
HPLC-FL

LC/MS

Cylindrospermopsin:
» Bioassay (difficult to perform and interpret)
« HPLC-UV
« LC/MS

Microcystin:
* Immunoassay
Bioassay
Protein phosphatase assay
HPLC
LC/MS

Lyngbyatoxin and Aplysiatoxins:
* Noneavailable

Thereis currently no one universal analytical method for algal toxin detection. One
reason is due to the structural diversity of the differing toxins and their variants. The lack of
standards and low specificity of current assays need to be addressed in considering method
development.

Toxin Selection

Based on the available information, the panel grouped the cyanobacterial toxins into four

different priority categories.

Highest Priority:
* Microcystin
* Cylindrospermopsin
* Anatoxin-a



Medium to High Priority:
o Saxitoxin
e Anatoxin-a(s)

Further Study Needed:

* Nodularin
Lyngbyatoxin
Aplysiatoxin
Debromoaplysiatoxin
Prymnesin
Domoic acid

Not a Drinking Water Issue At This Time:
* LPSEndotoxin

Other Issues

Analytical standards are needed for al algal toxins, except saxitoxins which are
already available through FDA.

Epidemiological studies are needed for saxitoxins.

Anatoxin-a, saxitoxins, and microcystins are commercially availablebut thereis
need for the other toxins to become commercially available.

ELISA assays areneeded for cylindrospermopsin and anatoxin-a. Thereis some
international advancement on these kits. An Australian team isworking on
cylindrospermopsin ELISA kit and a Canadian team is working on anatoxin-a
ELISA kit.

Molecular probes are needed.

Analytical methods need to be made into standard methodks.

Acute and chronic effects of algal toxicity need to be studied.

Sampling should take place in raw water, finished water, and storage reservoirs.
Nodularins and microcystins can be tested at the same time.

Low and high level chronic biotoxin studies need to be performed.
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